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57] ABSTRACT

A multiplier and a neural network synapse capable of
removing nonlinear current using current mirror circuits.
The multiplier produces a linear current by using MOS
fransistors operating in a nonsaturation region. The multi-
plier includes a first current mirror including a plurality of
MOS transistors to form a first current and a second current
mirror including a plurality of MOS transistors to form a
second current, wherein the second current mirror 1s coupled
in parallel to the first current mirror. As a result, the
multiplier outputs an output current by subtracting a second
current from said first current.

15 Claims, 2 Drawing Sheets
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FIG. 1A

FIG. 1B
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FIG. 2
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MULTIPLIER AND NEURAL NETWORK
SYNAPSE USING CURRENT MIRROR
HAVING LOW-POWER MOSFETS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multiplier and a neural
network synapse using low-power MOSFETs, and more
particularly to a multiplier capable of removing nonlinear
current using current mirror Circuits.

2. Description of the Related Art

Recently, with the development of the VLSI technology,
it 1s required that a digital system be integrated with an
analog system. The reason why the digital system 1s inte-
orated with the analog system 1s because the digital tech-
nology 1s employed not only 1 a specific use, such as a
computer system, but also 1 various scopes such as tele-
communications and neural networks. This well-coordinated
application has been required 1n a new field of user interface.
The digital circuit or system reaches the critical point from
its computational speed and integration. In 1implementing a
multiplier, which 1s the foundation of a digital signal
process, the conventional VLSI technology has many limi-
tations 1n the chip area and its speed, due to its system
complexity. On the other hand, it 1s very difficult to adopt
current analog integration circuits in the VLSI technology.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
high-performance multiplier and a neural network synapse
operating in a low voltage level, using the VLSI technology.

Another object of the present mmvention 1s to provide a
high-performance multiplier capable of implementing high-
performance computer systems, by using a hybrid nerve
synapse elfectively forming a neural network.

In accordance with an aspect of the present invention,
there 1s provided a multiplier producing a first current and a
second current and then outputting an output current by
subtracting a second current from said first current, said
multiplier comprising: a first current mirror including a
plurality of MOS ftransistors to form said first current; and a
second current mirror including a plurality of MOS transis-
tors to form said second current, wherein said second current
mirror 1S coupled 1n parallel to said first current mairror.

In accordance with another aspect of the present
invention, there 1s provided a neural network synapse com-
prising: a first current mirror including a plurality of MOS
transistors to form said first current; a second current mirror
including a plurality of MOS transistors to form said second
current, wherein said second current mirror 1s coupled 1in
parallel to said first current mirror, wherein said neural
network synapse produces am output current, by subtracting
a second current from said first current; and a switching
means outputting an output current from a first current in
response to a control signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the
invention, as well as other features and advantages thereof,
will best be understood by reference to the following
detailed description of a particular embodiment, read in
conjunction with the accompanying drawings wherein:

FIG. 1A 1s a view 1llustrating a Symbol of a MOSFET;

FIG. 1B 1s an equivalent circuit diagram of the MOSFET
in a nonsaturation region (triode region);
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FIG. 2 1s a block diagram 1illustrating a multiplier accord-
ing to an embodiment of the present invention; and

FIG. 3 1s a block diagram illustrating a neural network
synapse according to another embodiment of the present
invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments of the present mmvention will be
explained below with reference to the accompanying draw-
Ings.

A symbol of a MOSFET 1s shown 1n FIG. 1A and its
equivalent circuit diagram 1n a nonsaturation region 1S
shown 1n FIG. 1B. The current-voltage characteristics in the
nonsaturation region are given by

(1)
(2)

where 1 1s known as the mobility of the majority carrier, C,,,-
the gate capacitance, L the length of the channel, W the
width of the channel (along an axis normal to L), V¢ the
voltage between the drain and the source, V.. the voltage
between the gate and the source and V- the threshold voltage
of the MOSFET.

Referring now to FIG. 2, the multiplier according to the
present 1nvention includes three current mirrors between a
first power supply V, and a ground voltage level GND. A
current mirror includes a p-channel MOSFET M3, an
n-channel MOSFET M1 and a p-channel MOSFET M7. A
second current mirror includes a p-channel MOSFET M4, an
n-channel MOSFET M2 and a p-channel MOSFET MS. A
third current mirror includes an n-channel MOSFET M6 and
an n-channel MOSFET MS.

The p-channel MOSFET M7 1n the first current mirror 1s
coupled to the n-channel MOSFET M8 1n the third current
mirror and the p-channel MOSFET M3 1n the second current
mirror 1s coupled to the n-channel MOSFET M6 1n the third
current mirror. An output current I, which flows 1nto a load,
1s determined by the difference between the current I, at the
p-channel MOSFET M7 and the current I, at the n-channel
MOSFET MS. That 1s, I,=I,-L..

According to equation (1), the current I,,c at the
n-channel MOSFET M1 can be rewritten as

I=(VL)(Cox* W) * (- Vpso)

HR=(Cox*W)*(Vgs—V7)

Ips=0* I(V,-V)*V, -V, /2] (3)

where . is (Cox*W*u)/LL
Likewise, the current L, ¢ at the a-channel MOSFET M2
can be rewritten as

L ps=0] (V53-V)*V, -V /2] (4)

A current I', ¢ at the p-channel MOSFET M3 1s equal to
the current I,,. at the n-channel MOSFET M1. Also,
because the p-channel MOSFETs M3 and M7 construct the
first current mirror, the current I, at the p-channel MOSFET
M7 1s equal to the current I, . at the p-channel MOSFET
M3. As a result, the current I, ¢ 1s equal to the current I, by
means of the first current mirror.

Further, a current I, . at the p-channel MOSFET M4 1s
equal to the current 1., at the n-channel MOSFET M2.
Also, because the p-channel MOSFETs M4 and M3 con-
struct the second current mirror, the current I, , at the
P-channel MOSFET MS i1s equal to the current I, at the
p-channel MOSFET M4. Since the n-channel MOSFET M6
1s coupled 1n series to the p-channel MOSFET MS, a current
I; ¢ 1s equal to the current I'; ..
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On the other hand, because the n-channel MOSFET M6
forms the third current mirror together with the n-channel

MOSFET MS, the current I, 1s equal to the current I, ...
In other words,

(5)

I ps=I'1ps=I,(by the first current mirror)

third current mirrors)

(6)

The output current I, 1s given by

lo (7)

Iy =1, = Iips — Ihps

ax[(VaVr)e V=V ? /2] -

ax[(Vs=Vp)xV) =V ?/2]

El:’b}:(Vz — Vg)zﬂ-ﬁ

(@=V )=V, — B( [ 1s an offset term)

Consequently, an input voltage V, applied to the gate of
the n-channel MOSFET M1 determines the current I, and an
input voltage V, applied to the gate of the n-channel
MOSFET M2 determines the current I,. In the case where
the voltage V, and the voltage V, are fixed to a constant
voltage level, the output current I, linearly varies with the
external voltage V,. It should be noted that the output
current I, doesn’t have a square term of the threshold
Voltage V.. and the second and third current mirrors act as
one current mirror determining the current L,. However, the
output of the second current mirror 1s out of phase from that
of the first current mirror so that the non-linear component
of the output current I, 1s eliminated. Therefore, the circuit
configuration shown in FIG. 2 can be used as a multiplier.

Another embodiment of the present mvention will be
described below referring to FIG. 3.

As shown 1n FIG. 3, another embodiment of the present
invention further includes an n-channel MOSFET M9
formed at the output terminal of the multiplier. That is, the
voltage V, and the voltage V; are fixed to a constant voltage
level and the voltage V,, which acts as a synapse weight of
a neural network, 1s applied to the gate of the n-channel
MOSFET M1. The n-channel MOSFET M9 transfers the
output current I, to the load 1n response to a neural state
pulse. Accordingly, the present invention may provide a
basic structure of the synapse of neural network, by accu-
mulating the neural state through a feedback capacitor.

As apparent from the above, the present invention pro-
vides a highly integrated multiplier and an 1improved neural
network synapse, by using the low source voltage and the
deep-submicron VLSI technology. Also, the present inven-
fion has effects on the simplification and integration of the
multipliers and the neural network synapses, by using the
MOS transistors only 1n two stages.

Therefore, 1t should be understood that the present inven-
tion 1s not limited to the particular embodiment disclosed
herein as the best mode contemplated for carrying out the
present invention, but rather that the present invention 1s not
limited to the specific embodiments described 1n this speci-
fication except as defined 1n the appended claims.

What 1s claimed 1s:

1. A multiplier producing a first current and a second
current and then outputting a linear output current by
subtracting said second current from said first current, said
multiplier comprising;:

first input means having a first MOS ftransistor which
generates said first current 1n response to a first input
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voltage, wherein said first MOS transistor operates in a
nonsaturation region thereof;

a first current mirror mncluding a plurality of MOS tran-

sistors to output said first current, being coupled to said
first MOS transistor;

a second current mirror including a plurality of MOS
transistors to output a second current which 1s out of
phase with said first current;

second 1nput means having a second MOS transistor
which generates said second current 1n response to a
second 1put voltage, wherein said second MOS tran-
sistor operates 1n a nonsaturation region thereof; and

a third current mirror including a plurality of MOS
transistors to output said second current, being coupled
to said second MOS transistor wherein said third cur-
rent mirror 15 coupled to said second current mirror.
2. The multiplier in accordance with claim 1, wherein said
first current mirror comprises:

a third MOS transistor having a drain and a gate, each of
which 1s connected to a drain of said first MOS

transistor, and a source connected to a power supply;
and

a fourth MOS transistor having a gate connected to said
gate of said third MOS transistor, a source connected to
said power supply, and a drain connected to said second
current mirror.

3. The multiplier in accordance with claim 2, wherein said

third current mirror comprises:

a 1ifth MOS transistor having a drain and a gate, each of
which 1s connected to a drain of said second MOS
transistor, and a source connected to said power supply;
and

a sixth MOS translator having a gate connected to said
gate of said fifth MOS transistor, a source connected to
said power supply, and a drain connected to said second
current mirror.

4. The multiplier 1n accordance with claim 3, wherein said

second current mirror COmprises:

a seventh MOS transistor having a drain and a gate, each
of which 1s connected to said third current mirror, and

a source connected to a ground voltage level; and

an eighth MOS transistor having a gate connected to said
gate of said seventh MOS transistor, a drain connected
to said first current mirror and a source connected said
oround voltage level.

5. The multiplier 1n accordance with claim 2, wherein said
first input voltage 1s a variable voltage and said second 1nput
voltage 1s a fixed voltage.

6. The multiplier 1n accordance with claim 2, wherein said
first input voltage 1s a fixed voltage and said second 1nput
voltage 1s a variable voltage.

7. A neural network synapse producing a first current and
a second current and then outputting a linear output current
by subtracting said second current from said first current,
said multiplier comprising;:

first 1nput means having a first MOS transistor which
generates said first current in response to a first input
voltage, wherein the first MOS transistor operates 1n a
nonsaturation region thereof;

a first current mirror ncluding a plurality of MOS tran-
sistors to output said first current, being coupled to said
first MOS transistor;

a second current mirror including a plurality of MOS
transistors to output a second current which 1s out of
phase with said first current;
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seccond mnput means having a second MOS ftransistor a sixth MOS transistor having a gate connected to said

which generates said second current in response to a gate of said fifth MOS ftransistor, a source connected to

s?cond tnput Vqltage, wherem‘smd second MOS ftran- said power supply, and a drain connected to said second
sistor operates 1n a nonsaturation region thereof; :
current mirror.

a third current mirror including a plurality of MOS ¢«

transistors to output said second current, being coupled 11. The ‘neurfﬁﬁ: ne.twork Synapse 1h accordaﬁnce with claim
to said second MOS transistor, wherein said third 10, wherein said third current mirror comprises:
current mirror 1s coupled to said second current mirror; a seventh MOS transistor having a drain and a gate, each
z}nd _ _ o of which 1s connected to said third current mirror, and
switching means for outputting said linear output current _
. . . 10 a source connected to a ground voltage level; and
from said first current 1n response to a control signal. | | | |
8. The neural network synapse in accordance with claim an eighth MOS transistor having a gate connected to said
7, wherein said control signal 1s a neural state pulse. gate of said seventh MOS transistor, a drain connected
9. The neural network synapse 1n accordance with claim to said first current mirror and a source connected said
7, wherein said first current mirror comprises: < oround voltage level.

a third MOS transistor having a drain and a gate, each of
which 1s connected to a drain of said first MOS
transistor, and a source connected to a power supply;

12. The neural network synapse 1n accordance with claim
10, wherein said first input voltage 1s a variable voltage and

and said second 1nput voltage 1s a fixed voltage.

a fourth MOS transistor having a gate connected to said 13. The neural network synapse 1n accordance with claim
gate of said third MOS transistor, a source connected to 2V 10, wherein said first input voltage is a fixed voltage and said
said power supply, and a drain connected to said second second input voltage is a variable voltage.
current mirror. 14. The neural network synapse 1n accordance with claim

10. The neural network synapse 1n accordance with claim 12 wherein said first inout volt . oht sional
9, wherein said third current mirror comprises: , WIICICIN Sald ISt INputl voltage 15 4 WeIght sighal.

a fifth MOS transistor having a drain and a gate, each of 25 15. The neural network synapse 1n accordance with claim

which is connected to a drain of said second MOS 13, wherein said second input voltage 1s a weight signal.

transistor, and a source connected to said power supply;
and % % % & %
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